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X-ray and TEM studies of Al-Fe-Cu dodecahedral particles : characterization of their microcrystalline state of pseudoicosahedral symmetry F. Dénoyer (1), G. Heger (2) , M. Lambert (2) , M. Audier (3) and P. Guyot (4) (1) Laboratoire Introduction.
The Al-Fe-Cu icosahedral phase has been first reported by Tsai and Masumoto [1, 2] as a stable icosahedral phase. The indexing of powder X-ray diffraction patterns by Ishimasa et al. [3] has revealed that the scaling (or self similarity ratio) along the 5-fold, 3- [8] . Figure 1 shows such a typical particle with a diameter size of a few 100 &#x3E;m which is very suitable for a precise exploration of the reciprocal space by X-ray diffraction, i.e. a study of the type already carried out on the Al6CuLi3 stable quasicrystalline phase, where large triacontahedral particles were available [9, 10] . [10] that all the reflections could be indexed using a primitive 6D-hypercubic lattice with a direct 6D-lattice parameter ii) a number of diffraction peaks, observed by electron microscopy (see for example Ref. [5] ), are not observed in our X-ray experiments in spite of the extreme sensitivity of the photographic method, for which it is possible to distinguish between different peak intensities up to a ratio of more than 1000. This is the case, for instance, for iii) additional diffraction peaks of weak or medium intensity are observed but they cannot be indexed reasonably using the 6D F-lattice parameter A F = 2 x 6.312 A. Therefore, although this slowly solidified Al-Fe-Cu product shows an overall icosahedral symmetry, the indexing of its corresponding diffraction pattern is incompatible with a facecentered 6D-hypercubic lattice.
Simultaneously to this X-ray study, electron microscopy experiments have been performed on fragments of dodecahedral particles coming from the same ingot [11] . The electron diffraction patterns, as those with 2-, 3-and 5-fold zone axes, shown in figure 3 , exhibit large, split spots ; moreover, the 5-fold axes were not always found strictly equivalent for different fragments of a same dodecahedral particle. The perfect equivalence of the six 5-fold axes of the sample, studied in the X-ray precession experiment has been checked carefully using a 4-circle X-ray diffractometer (for geometrical reasons, only four of the six 5-fold axes were Electron diffraction patterns have been interpreted as resulting from a periodic microcrystalline structure [8, 12] , the unit cell of which has been found to be rhombohedral with cell parameters a = 32.08 A and a = 36° .
By comparison, the X-ray reflections of tables la, b and c, observed along i) 2-fold, ii) 3-fold and iii) 5-fold axes can be interpreted as arising from the i) (110), (220), (550), (880) , ii) (333), (555), (888), (13 13 13) and iii) (100), (200), (300), (500), (800), (900) reflections respectively of the rhombohedral Bravais lattice of refined cell parameters a = 32.16 A and a = 36°. The found agreement is remarkable.
It is interesting to note that such a primitive cell can be related to a larger face-centered rhombohedral unit cell with parameters a = 37.71 A and a = 63.43°, whose shape then becomes identical to a prolate rhombohedron of the Ammann type. Note furthermore that its edge length is equal to 2 . T 3(4.45 ) A, where 4.45 A corresponds to the smallest rhombohedron edge length of the perfect Al-Fe-Cu quasicrystal [1, 8] and T3 to a characteristic inflation. priori, the task of explaining this is rather difficult. However, as a guide for further investigations, an answer is partially given with 2-dimensional models presented in reference [14] , in which a consideration of the size of coherent domains permits an understanding of the origin of some of the differences encountered between electron diffraction experiments on small fragments [8, 11, 12] Previous theoretical work [13] and high resolution electron microscopy investigations [8] tend to confirm this view. It has been shown [13] that in order to respect an overall pseudoicosahedral symmetry, the different orientations of the rhombohedral cell must correspond to those observed between the 20 prolate rhombohedra constituting a stellate polyhedron (Fig. 5 ). The total number of different orientations is 10, since prolate rhombohedra are parallel two by two in such a stellate polyhedron. These orientational relationships have been identified in the Al-Fe-Cu product by high resolution electron microscopy [8] . The microtexture of the product is thus quite peculiar ; it is microcrystalline but each grain exhibits the same crystallographic orientational relationships with the other grains. For example, the micrograph, shown in figure 6 , is obtained from a thin fragment of dodecahedral particle Fig. 6 [8] ; others are common boundaries but the rotational order is preserved when crossing through the boundary.
Finally, it has to be stated that the structure, presented here, is basically different from the perfect icosahedral structure reported by other authors [1] [2] [3] [4] [5] [6] on rapidly quenched samples. This apparent discrepancy is probably related to the occurrence of a transformation which was observed for this alloy at about 860 °C, where the rhombohedral crystal structure transforms into a perfect quasicrystalline state [8, 12] .
